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Background: A year after the start of the COVID-19 outbreak, the global rollout of vaccines gives us hope
of ending the pandemic. Lack of vaccine confidence, however, poses a threat to vaccination campaigns.
This study aims at identifying individuals’ characteristics that explain vaccine willingness in Flanders
(Belgium), while also describing trends over time (July–December 2020).
Methods: The analysis included data of 10 survey waves of the Great Corona Survey, a large-scale online
survey that was open to the general public and had 17,722–32,219 respondents per wave. Uni- and mul-
tivariable general additive models were fitted to associate vaccine willingness with socio-demographic
and behavioral variables, while correcting for temporal and geographical variability.
Results: We found 84.2% of the respondents willing to be vaccinated, i.e., respondents answering that
they were definitely (61.2%) or probably (23.0%) willing to get a COVID-19 vaccine, while 9.8% indicated
maybe, 3.9% probably not and 2.2% definitely not. In Flanders, vaccine willingness was highest in July
2020 (90.0%), decreased over the summer period to 80.2% and started to increase again from late
September, reaching 85.9% at the end of December 2020. Vaccine willingness was significantly associated
with respondents’ characteristics: previous survey participation, age, gender, province, educational
attainment, household size, financial situation, employment sector, underlying medical conditions, men-
tal well-being, government trust, knowing someone with severe COVID-19 symptoms and compliance
with restrictive measures. These variables could explain much, but not all, variation in vaccine willing-
ness.
Conclusions: Both the timing and location of data collection influence vaccine willingness results, empha-
sizing that comparing data from different regions, countries and/or timepoints should be done with cau-
tion. To maximize COVID-19 vaccination coverage, vaccination campaigns should focus on (a
combination of) subpopulations: aged 31–50, females, low educational attainment, large households, dif-
ficult financial situation, low mental well-being and labourers, unemployed and self-employed citizens.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The COVID-19 pandemic has exerted exceptional pressure on
healthcare systems on a global scale, forcing policymakers to take
highly restrictive measures [1]. Such measures aim to balance
between safeguarding public health, protecting individuals’ well-
being and preventing healthcare systems from collapsing on the
one hand, while carefully considering the economic and social
impact on the other hand. Even though non-pharmaceutical inter-
ventions (NPIs), such as social distancing and mask wearing, have



1 waves 15 (14/07/2020), 16 (28/07/2020), 18 (25/08/2020), 19 (08/09/2020), 20
(22/09/20202), 23 (3/11/2020), 24 (17/11/2020), 25 (1/12/2020), 26 (15/12/2020) and
27 (29/12/2020).
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proven useful in reducing the pressure on healthcare systems in
the short run, COVID-19 vaccines are considered as the most
important and sustainable strategy to control the pandemic in
the long run [2]. Indeed, with the COVID-19 pandemic rapidly
evolving and the majority of countries in a severe state of crisis,
vaccine rollout should enable governments to slowly reverse NPIs.

As of 10 February 2021, 242 vaccines are under development
worldwide, of which 63 in clinical stages [3,4]. While some vacci-
nes are being developed using more traditional platforms (e.g.
inactivated virus or live-attenuated virus), the majority of
COVID-19 vaccines are being developed using more innovative
platforms, such as adenovirus-based, RNA- or DNA-based vaccines
[3]. In order to speed up vaccine development, regulators have
facilitated a fast-track procedure, while ensuring that safety, qual-
ity and efficacy standards are still being met [5,6]. In addition, an
emergency use listing procedure was initiated to speed up vaccine
rollout during a public health emergency [7]. The European Com-
mission has been coordinating negotiations with vaccine manufac-
turers securing a portfolio of, to date, more than 2 billion COVID-19
vaccines, in anticipation of further approvals by the European
Medicines Agency (EMA) [8]. The EMA currently only granted
approval for three vaccines: one developed by BioNTech-Pfizer
(21 December 2020), one by Moderna (6 January 2021) and
another by AstraZeneca (29 January 2021). Large-scale vaccination
has become an integral part of the governments’ strategies to con-
trol the COVID-19 pandemic. Vaccination campaigns have started
early January 2021 in most European countries, applying a variety
of prioritisation schemes, mainly focussing on people most at risk
for severe illness as well as healthcare workers (HCWs) [9].

Meanwhile, COVID-19 vaccine hesitancy has taken root in soci-
ety. Vaccine hesitancy is defined by the World Health Organisation
(WHO) as ‘‘a delay in acceptance or refusal of vaccination despite
availability of vaccination services” [10]. Vaccine hesitancy is com-
plex and context specific, varying across time, place and vaccines.
Recent studies have shown that a significant proportion of the
world population is reluctant to take a COVID-19 vaccine, with
reluctance often detected among specific (sub-)populations [11],
including HCWs [12]. More specifically, such studies describe
widespread – though unfounded – concerns with respect to vacci-
nes’ safety and are mostly centred around the speed at which vac-
cines are being developed, about ‘unknown’ long-term side-effects
and fear about the innovative platforms being used [13–16]. Hav-
ing emerged for a variety of vaccines, such as the measles, mumps,
rubella (MMR) and whole-cell pertussis vaccine [17,18], vaccine
hesitancy is not a new obstacle policymakers are facing [19].
Indeed, the WHO described vaccine hesitancy as one of the 10 most
important threats to global health in 2019 [20]. However, the
spread of misinformation and the development of anti-vaccine
communities has been highly facilitated by the widespread use
of social media [19]. Strategies for addressing vaccine hesitancy
show different rates of success in increasing vaccination coverage,
yet multicomponent strategies, as well as dialogue-based interven-
tions were found to be the most effective [reviewed in 21, 22].

A discrete-choice experiment in Flanders, Belgium found that
the decision to vaccinate is a multi-factorial one, mostly influenced
by individuals’ perception about vaccine related side-effects fol-
lowed by the vaccine’s accessibility, effectiveness as well as the
vaccine-preventable disease burden [23]. In addition, trust is
important, and in the case of vaccine hesitancy, the lack thereof
[24]. Vaccine-related trust depends, in turn, on a balance between
product trust (the vaccine), political or system trust (the health
system) and provider trust (e.g., HCW administering the vaccine)
[24]. The vast majority of people believe their HCW to be the most
trusted source of information [25]. In agreement, the Wellcome
Global Monitor [26] states that 73% of people worldwide would
trust a doctor or nurse above any other source of health advice,
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including family, friends, religious leaders or famous people. In
the current COVID-19 crisis, governments and experts act as an
important source of information and both play a central role in
defining the crisis management and prevention strategies, includ-
ing vaccination. Furthermore, a recent study in Belgium found trust
in the government to be positively associated with vaccine willing-
ness [27]. In addition to building government trust, HCWs are piv-
otal in achieving sufficient vaccination coverage and they are thus
essential for the success of the COVID-19 vaccination campaign.

The willingness to be vaccinated can vary over time, which is
acknowledged by the WHO Global Advisory Committee on Vaccine
Safety [28]. Since vaccine willingness is influenced by external fac-
tors and can change in light of developments over time, research-
ers and policymakers should not draw permanent conclusions
based on a cross-sectional observation [29].

A high vaccination coverage is essential to reduce the burden of
COVID-19 on healthcare systems, the economy and society as a
whole and to control viral transmission. In light of the COVID-
19 vaccination campaign in Belgium, this study aims to charac-
terise factors that explain the willingness to be vaccinated in
Flanders. Furthermore, this paper describes trend data on vac-
cine willingness (July 2020–December 2020), while also map-
ping the slope of the COVID-19 related hospitalization curve,
the sequence of governmental measures (NPIs) and impactful
media reporting on vaccines to the vaccine willingness curve.
2. Material and methods

2.1. Survey design

We used data from a citizen science project called the ‘Great
Corona Survey’ [30], an ethically approved (EC 20/13/146), modu-
lar, online survey, hosted by the University of Antwerp, in collabo-
ration with Hasselt University and KU Leuven, which has been
repeated over 27 waves since 17th March 2020 (every week until
5th May, every other week thereafter). The survey is based on
anonymous self-reporting and open to the general population.
The study seeks to monitor the general public’s attitudes on and
adherence to measures against COVID-19 transmission, their men-
tal health, and their opinion on a wide range of Corona-related
topics.
2.2. Data

Belgium has three official regions: 1) Flanders, the northern half
of Belgium (5,4 million adults > 17 years) , 2) Wallonia, the south-
ern half of Belgium (2,9 million adults) and 3) the Brussels capital
region (945,000 adults). Furthermore, Belgium has three official
communities: the Flemish community (Dutch), the French commu-
nity (French) and the German-speaking community (German). The
survey was presented in the 3 official country languages and in
English. Preventive healthcare authorities, including the vaccina-
tion campaign, are governed at the level of the communities/re-
gions in Belgium. We included data from all ten waves between
July 2020 and December 2020 that included a vaccination module1,
which assessed the willingness to be vaccinated against COVID-19.
Although participation rates per wave were high, during the ten
waves used here, there was a substantial underrepresentation of
youngsters under 18 years and participants that live in French and
German speaking communities of Belgium. We therefore restricted
our analysis to adults (equal to and over 18 years old) living in Flan-
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ders, Belgium’s Dutch speaking northern part that excludes Brussels
(selection based on postal code and language). This resulted in
230,979 data records.

In each of the selected surveys, participants were asked
whether they would be willing to be vaccinated with an effective
and safe COVID-19 vaccine, that is recommended for their age
group, available free of charge and administered in their home
town. Response options were ‘‘definitely”, ‘‘probably”, ‘‘maybe”,
‘‘probably not” and ‘‘definitely not”. Following [11], we dichoto-
mised the outcome into a binary response variable, ‘‘vaccine will-
ingness”, which distinguishes between ‘‘willing” (‘‘definitely” and
‘‘probably”) and ‘‘less or not willing” (‘‘maybe,” ‘‘probably not”,
and ‘‘definitely not”) to be vaccinated. Participants who expressed
doubts with regards to being vaccinated, were presented a list of
ten potential reasons for being vaccine hesitant and were asked
to indicate which of those reasons were important for their deci-
sion not to accept the vaccine.

In this study, we linked this response variable to a set of
explanatory variables: date of participation, previous participation,
age, gender, residential location (province), educational attain-
ment, household size, household composition, financial situation,
employment sector, underlying medical conditions (indicator vari-
ables for heart condition, lung condition, kidney disease, diabetes,
high blood pressure, immune suppression and recent cancer diag-
nosis), mental well-being (quantified by the General Health
Questionnaire-12 [31]; a score between 0 and 12 with higher
scores indicating more mental distress), government trust, and
boolean variables indicating whether the participant knew some-
one with severe COVID-19 symptoms, whether the respondent
had installed the Coronalert mobile app [32], had physical contacts
outside their household (social distancing adherence) and whether
participants with at least one underaged child (<18 years old) were
willing to vaccinate their underaged children. The Coronalert app is
an information & alert app that informs you when you have been in
close contact with someone who tested positive and its use is rec-
ommended by the Flemish government [32]. Detailed variable
descriptions are provided in Tables 1–3.

2.3. Statistical analysis

We calculated summary statistics for all variables and improved
representativeness using inverse probability weighting based on
participation date, age, gender and province. We mapped the
weighted sample-based proportion of willingness to be vaccinated
over time against a series of governmental decisions on NPI regu-
lation and other impactful news, as well as a curve representing
the number of new COVID-19 related hospitalizations.

Next, in Analysis 1, we fitted a cross-sectional multi-variable
logistic generalized additive model (GAM), where we investigated
the association between a participant’s willingness to be vacci-
nated and their participation behaviour in the ‘Great Corona Sur-
vey’; their demographic characteristics, i.e. variables age, gender,
educational attainment, household size, household composition,
financial situation and employment sector; their residential loca-
tion, i.e. longitude-latitude coordinates of the centre of the postal
code of a participant’s place of residence; whether the participant
knew someone with severe COVID-19 symptoms; underlying med-
ical conditions; and time, which is represented by the wave ID. The
spatial effect was modelled by estimating a smooth two-
dimensional spline and was validated through a sensitivity analy-
sis in which a spatially-discrete geostatistical logistic model [33]
was fitted. The main purpose of Analysis 1 was to attribute varia-
tion in vaccine willingness to multiple characteristics of partici-
pants that can be targeted in policy making. Note that we
implemented a cross-sectional, instead of a longitudinal, analysis
approach, because records of returning individuals could not be
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linked throughout multiple waves. Since within-subject correla-
tion induced by returning participants cannot be taken into
account, the widths of the covariate effects’ confidence intervals
are likely underestimated; we have taken this into account in the
interpretation of our results. Interaction effects between time
and all other explanatory variables were included; backwards
model selection using the Bayesian Information Criterion (BIC)
was applied to propose a final model.

In Analysis 2, we investigated the association between vaccine
willingness and five variables that only allowed a limited scope
for identifying target groups for policy interventions, as compared
to those included in Analysis 1: ‘‘government trust”, ‘‘mental well-
being”, ‘‘social distancing adherence”, an indicator whether a par-
ticipant ‘‘had installed the Coronalert app”, and the participant’s
‘‘willingness to vaccinate their children”. Despite the limited
opportunities to pinpointing target groups, this analysis can
increase the understanding of the profiles of those willing to get
vaccinated. We fitted five separate models, using multi-variable
logistic generalized linear models (GLMs), while correcting for
basic confounding factors: date of participation, age, gender, and
educational attainment. We avoided including the five variables
jointly in one linear predictor because of complex, not well-
understood, causal interrelations.

Model parametrisations are presented in the Supplementary
material.
3. Results

3.1. Participant characteristics

Table 1 lists participant characteristics across all waves. Partic-
ipation rates of profiles meeting the selection criteria per wave
were high with counts varying from 17,722 to 32,219 per survey.
People aged 51–70 (49.3%), females (69.0%) and those living in
the province of Antwerp (49.0%) are strongly represented in our
survey, whereas those aged 18–30 (9.4%), male (31.0%) and living
in the province of Limburg (8.8%) are underrepresented. Most par-
ticipants have attained a higher educational attainment (68.6%)
and have a comfortable financial situation. Employees and officials
(combined 34.5%) and retirees (28.7%) are well represented in the
study, whereas relatively few labourers (2.0%) participated.
Slightly over half of the participants in these waves were directly
acquainted (family member, colleague or friend) with someone
who has had (undefined) ‘‘severe” COVID-19 symptoms at some
point (57.6%). A considerable proportion of the respondents
(36.4%) reported at least one underlying medical condition. The
most commonly reported condition was high blood pressure
(15.5%). All subsequent presentations of summary statistics and
statistical analyses are based on the use of inverse probability
weighting, such as explained in the statistical analysis section.
3.2. Evolution of the willingness to be vaccinated, the pandemic,
governmental decisions and other impactful news

Of the respondents, 84.2% was willing to be vaccinated with a
safe, effective and free of charge COVID-19 vaccine after weighting
(61.2% definitely and 23.0% probably), while 15.9% was vaccine-
hesitant (9.8% maybe, 3.9% probably not and 2.2% definitely not).
Fig. 1 (a) visualizes the evolution of the weighted vaccine willing-
ness reported per wave. Vaccine willingness was high in July 2020,
with a peak willingness rate of 90.0% on July 28, 2020. It subse-
quently decreased in August until it reached an 80.2% willingness
rate low point on September 22, 2020. It gradually recovered after-
wards to reach an acceptance rate of 85.9% on December 29, which
is still well below the willingness level of July.



Table 1
Description of participants’ characteristics across all waves and results of the multivariable analysis. Odds ratios are presented for all variables that were part of the final
model after variable selection. The effect of ‘‘Participation in previous rounds” interacted with the gender and time effect, the latter of which is depicted in Fig. 2. ‘‘Province” was
not taken up in the model; instead, we used a two-dimensional spline to assess the spatial effect (Fig. 3). ‘‘Household composition” was removed from the model during
backwards model selection. For ‘‘COVID-19 vaccine willingness”, unweighted and weighted percentages are shown, ‘‘(unweighted/weighted)”. Note that percentages may not
sum exactly to 100% due to rounding.

Participants (%) Vaccine willingness %
unweighted/weighted

Vaccine willingness OR (95% CI)

Participation date
July 14 24,756 (10.7) 89.2/89.9 REF
July 28 32,219 (13.9) 89.3/90.0 0.96 (0.84–1.11)
August 25 22,788 (9.9) 80.7/82.6 0.47 (0.42–0.53)
September 08 20,490 (8.9) 78.1/80.7 0.40 (0.36–0.45)
September 22 17,722 (7.7) 77.7/80.2 0.38 (0.34–0.43)
November 03 22,953 (9.9) 81.8/83.1 0.49 (0.44–0.56)
November 17 23,902 (10.3) 82.1/83.1 0.47 (0.41–0.53)
December 01 20,813 (9.0) 81.0/81.7 0.43 (0.38–0.48)
December 15 19,953 (8.6) 83.1/83.9 0.44 (0.39–0.50)
December 29 25,383 (11.0) 85.1/85.9 0.48 (0.42–0.55)

Participation in previous waves
Every wave 59,901 (25.9) 85.3/86.1
A few waves/often 159,621 (69.1) 82.9/84.0 Fig. 2
Once 5,549 (2.4) 79.7/79.6
No 5,908 (2.6) 78.0/76.5

Gender
Female 159,449 (69.0) 80.9/81.0
Male 71,530 (31.0) 88.8/87.3

(Gender, Participation in previous waves)
(Female, every wave) 42,376 (18.3) 82.8/82.3 REF
(Male, every wave) 17,525 (7.6) 91.5/90.7 2.10 (1.99–2.22)
(Female, a few waves/often) 110,844 (48.0) 80.4/80.9 REF
(Male, a few waves/often) 48,777 (21.1) 88.6/87.2 1.64 (1.59–1.69)
(Female, once) 3,238 (1.4) 76.5/75.3 REF
(Male, once) 2,311 (1.0) 84.1/82.0 1.60 (1.41–1.81)
(Female, No) 2,991 (1.3) 74.9/74.3 REF
(Male, No) 2,917 (1.3) 81.1/77.4 1.27 (1.12–1.43)

Age
18–30 21,762 (9.4) 81.7/82.4 REF
31–50 77,798 (33.7) 78.4/79.0 0.93 (0.89–0.96)
51–70 113,766 (49.3) 85.7/86.5 1.36 (1.30–1.42)
71+ 17,653 (7.6) 91.8/91.2 1.80 (1.69–1.92)

Province
Antwerp 113,218 (49.0) 83.4/84.3
East Flanders 39,999 (17.3) 83.3/84.3
Flemish Brabant 34,438 (14.9) 84.9/85.8 Fig. 3
Limburg 20,389 (8.8) 81.4/82.4
West Flanders 22,935 (9.9) 82.3/83.4

Educational attainment
Primary education 2,870 (1.2) 79.8/80.7 0.62 (0.56–0.68)
Secondary education 62,423 (27.0) 80.2/80.8 0.72 (0.70–0.74)
Higher education 158,370 (68.6) 84.3/85.0 REF
PhD 7,316 (3.2) 90.7/91.3 1.54 (1.42–1.66)

Family size
Single 43,790 (19.0) 81.6/83.0 REF
Two persons 95,104 (41.2) 86.7/87.4 1.20 (1.16–1.24)
3–5 persons 87,013 (37.7) 80.9/81.5 1.14 (1.10–1.17)
5 + persons 5,072 (2.2) 76.5/77.2 0.89 (0.82–0.95)

Family composition
Children age 12 or lower 37,743 (16.3) 78.2/78.7 NS
Children age 13 or higher 31,402 (13.6) 78.6/79.0 NS
Elderly above 70 21,778 (9.4) 89.1/90.2 NS

Financial situation
Very easy 52,932 (22.9) 89.0/89.3 REF
Easy 89,584 (38.8) 85.5/86.0 0.80 (0.77–0.82)
Somewhat easy 64,433 (27.9) 80.2/81.4 0.62 (0.60–0.65)
Somewhat difficult 20,459 (8.9) 72.5/73.2 0.43 (0.41–0.45)
Difficult 3,571 (1.5) 62.8/61.5 0.27 (0.25–0.29)

Employment statute/sector
Employee/official 79,718 (34.5) 82.2/82.5 REF
Student 7,087 (3.1) 83.4/84.4 1.35 (1.27–1.43)
Labourer 4,692 (2.0) 70.9/69.2 0.62 (0.58–0.66)
Education 18,946 (8.2) 83.2/83.9 1.07 (1.02–1.12)
Health worker 13,634 (5.9) 80.9/80.9 1.05 (1.00–1.11)
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Table 1 (continued)

Participants (%) Vaccine willingness %
unweighted/weighted

Vaccine willingness OR (95% CI)

Self-employed 11,339 (4.9) 78.5/79.4 0.78 (0.74–0.83)
Unemployed 22,646 (9.8) 76.8/76.8 0.86 (0.83–0.90)
Retired 66,194 (28.7) 89.6/90.4 1.36 (1.30–1.43)
Other 6,723 (2.9) 78.2/79.9 0.95 (0.89–1.01)

Know someone with severe COVID-19 symptoms
Yes 132,953 (57.6) 83.9/84.8 1.18 (1.16–1.21)
No 98,026 (42.4) 82.5/83.2 REF

Underlying medical conditions
Heart condition 11,438 (5.0) 88.9/89.0 1.04 (0.98–1.11)
Lung condition 12,817 (5.5) 87.0/87.3 1.34 (1.27–1.42)
Kidney disease 2,521 (1.1) 85.5/86.6 0.97 (0.87–1.10)
Diabetes 9,550 (4.1) 89.7/90.8 1.43 (1.33–1.53)
High blood pressure 35,724 (15.5) 88.0/88.7 1.22 (1.18–1.27)
Immune suppression 8,889 (3.8) 83.4/84.7 1.25 (1.17–1.34)
Recent cancer diagnosis 3,231 (1.4) 87.5/89.1 1.27 (1.13–1.42)

COVID-19 vaccine willingness
Definitely 137,851 (59.7/61.2)
Probably 54,609 (23.6/23.0)
Maybe 24,293 (10.5/9.8)
Probably not 9,109 (3.9/3.9)
Definitely not 5,117 (2.2/2.2)

OR: odds ratio, CI: confidence interval, NS: not selected, REF: reference level.

Table 2
Reported reasons for hesitating to accept a COVID-19 vaccine. Each participant
could select multiple reasons. The percentages are computed conditional on the
respondent being vaccine hesitant.

Reason for being vaccine hesitant weightedpercentage

I don’t think the safety of COVID-19 vaccines can be
guaranteed sufficiently

61.0

I don’t think the vaccine is good because it has been
developed too quickly

54.0

I’d like to wait until enough other people have been
vaccinated before I get the vaccine myself

45.9

It depends exactly which COVID-19 vaccine I am
offered

28.4

I can’t find any reliable information about vaccines 26.6
I’d like to wait until enough other people have been

vaccinated so that I don’t have to be vaccinated
myself

14.0

I don’t think COVID-19 is serious enough 8.0
I think I’m allergic to a COVID-19 vaccine 5.1
I’m against all forms of vaccination 3.1
I don’t think I need a COVID-19 vaccine because I’ve

already had COVID-19
2.6
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Panels in Fig. 1 align the evolution in COVID-19 vaccine willing-
ness with the evolution of the weekly number of new hospitaliza-
tions (b), governmental measures (NPIs) (c) and impactful media
reporting on vaccines (d).
3.3. Reason for vaccine hesitancy

The main reasons for unwillingness to be vaccinated were non-
specific safety concerns (61.0%, Table 2), concerns related to the
fast development of the vaccine (54%) and expressing the prefer-
ence to wait until more people are vaccinated (45.9%). Of the vac-
cine hesitant respondents, 28.4% indicates that the decision
depends on which vaccine is offered to them. We opted not to pre-
sent any ranges in this Table, because the (number of) response
options slightly varied in the different waves because of the adap-
tive survey design and presenting ranges could be misinterpreted
because of that.
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3.4. Participant characteristics influencing vaccine willingness

Using backward variable selection based on BIC, all covariates in
Table 1, except household composition, were retained as main
effects in the model, while interactions between time and previous
participation and between gender and previous participation were
the only selected second-order effects, based on the selection
process.

Before December 15, new participants were less likely to accept
a vaccine than those who filled out the survey every time (July 14,
OR 0.32, 95% confidence interval (CI) (0.25–0.41); Fig. 2). This effect
of participation behaviour on vaccine willingness disappeared in
the two most recent waves (Dec 15 and Dec 29).

Male respondents indicate higher vaccine acceptance than
female respondents, but the strength of this effect depends on
the respondent’s past participation behaviour in our study. This
interaction with participation behaviour signals sampling bias on
the gender level. This demands caution when extrapolating find-
ings related to gender to the whole population of Flanders, includ-
ing those who never participated in our study, since their gender
effect is likely to differ from the observed gender effects.

Table 1 additionally shows that, relative to respondents aged
18–30, those aged 31–50 were slightly less likely to accept a vac-
cine, while respondents aged 51–70 and 71 + were more likely to
accept a vaccine. We found a strong positive association between
COVID-19 vaccine willingness and both the respondent’s educa-
tional attainment and their financial comfort. Families consisting
of two to five members were more willing to be vaccinated, when
compared to singles and those living in large households (5+ mem-
bers). Relative to employees and officials, students (OR 1.35 95% CI
(1.27–1.43)) and retirees (OR 1.36 95% CI (1.30–1.43)) were more
likely to accept a COVID-19 vaccine, while unemployed (OR 0.86,
95% CI (0.83–0.90)), self-employed (OR 0.78, 95% CI (0.74–0.83))
and labourers (OR 0.62, 95% CI (0.58–0.66)) were less willing to
be vaccinated. There were no convincing differences in vaccine
willingness between HCWs, employees/officials, and participants
working in education. Participants who knew someone with severe
COVID-19 symptoms were more willing to get vaccinated than
others (OR 1.18 95% CI (1.16–1.21)). Most respondents suffering



Table 3
Behaviour-related outcomes and their influence on vaccine willingness. Odds ratios relate to the effect of these behaviour-related outcomes in a multivariate logistic GLM of
vaccination willingness towards one behaviour-related outcome and the main confounders: date of participation, age, gender and educational attainment. This table only contains
the odds ratios for the behaviour-related outcome; full model results are available in the Supplementary material.

Participants (%) Vaccine willingness %
unweighted/weighted

Vaccine willingness OR (95% CI)

Installation Coronalert app*
Installed 41,057 (60.7) 87.7/88.6 REF
Not installed 26,611 (39.3) 72.4/73.2 0.33 (0.32–0.35)

Physical contact outside household last week
No 180,091 (78.0) 84.6/85.6 REF
Yes 50,888 (22.0) 78.7/79.1 0.66 (0.64–0.68)

Government trust*
7 Trust completely 2,529 (5.9) 93.8/94.5 REF
6 8,038 (18.8) 90.8/91.5 0.67 (0.56–0.80)
5 8,972 (21.0) 87.6/88.8 0.51 (0.43–0.61)
4 7,574 (17.7) 82.3/84.4 0.36 (0.30–0.43)
3 5,457 (12.8) 77.9/79.8 0.25 (0.21–0.30)
2 4,776 (11.2) 73.3/74.5 0.17 (0.15–0.21)
1 do not trust at all 4,617 (10.8) 62.1/64.5 0.10 (0.08–0.12)
No opinion 721 (1.7) 75.3/78.4 0.28 (0.22–0.35)

GHQ-12 mental well-being score
0 112,953 (48.9) 85.0/85.7 REF
1–4 59,501 (25.8) 83.9/84.6 0.97 (0.94–1.00)
5–8 28,609 (12.4) 81.6/82.6 0.88 (0.85–0.91)
9–12 29,916 (13.0) 77.5/78.8 0.70 (0.68–0.73)

Vaccine willingness child**
Willing 30,607 (77.5) 97.4/97.5 REF
Not willing 8,867 (22.5) 24.1/23.9 0.01 (0.01–0.01)

* Coronalert app and governmental trust questions were not present in all of the ten survey waves analysed, hence the lower total participant count on these questions. **
Question only presented to participants with children aged below 18. OR: odds ratio, CI: confidence interval.
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from an underlying medical condition showed higher vaccine will-
ingness than those without comorbidities. This effect was stron-
gest for people with diabetes (OR 1.43, 95% CI (1.33–1.53)), while
no significant effect was found for those suffering from kidney dis-
ease (OR 0.97, 95% CI (0.87–1.10)).

Vaccine acceptance in Flanders is presented in Fig. 3. Several
clusters of increased vaccine hesitancy can be detected around
the borders of Flanders with The Netherlands (North and East)
and Wallonia (South). Remarkably, regions around Ghent (East-
Flanders) and Leuven (Flemish-Brabant) show relatively high vac-
cine willingness.

3.5. Behaviour-related outcomes associated with vaccine willingness

Table 3 shows that respondents who continued to have phys-
ical contact (hugs, kisses, shaking hands) outside their household
were less likely to accept a COVID-19 vaccine compared to
respondents that complied with social distancing (OR 0.66, 95%
CI (0.64–0.68)). Similarly, people who did not install the Corona-
lert app, were less likely to accept a COVID-19 vaccine, com-
pared to those who did (OR 0.33 95% CI (0.32–0.35)). There
was a strong positive correlation between answering positively
to the vaccine willingness question and showing trust towards
the federal government. A small negative association was found
between high scores on the GHQ-12 score (indicating strongly
decreased mental well-being) and vaccine acceptance. A total
of 77.5% of the respondents would let their child be vaccinated
with a safe and effective COVID-19 vaccine. Vaccination accep-
tance for parents is very strongly associated with the vaccine
acceptance for their children.

4. Discussion

Understanding the willingness and unwillingness to be vacci-
nated against COVID-19 is a crucial element in the development
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of targeted and effective vaccination campaigns, including tailored
communication activities. More specifically, identifying drivers of
vaccine willingness provides an opportunity to diversify interven-
tion measures that are aimed at reaching a sufficiently high vacci-
nation coverage. In this study, we reported on the intention to
accept a COVID-19 vaccine and described changes in that willing-
ness over time. We investigated and assessed a variety of back-
ground characteristics that influence vaccine willingness in
Flanders, Belgium.

We found a high vaccine willingness in Flanders (84.2%), which
is largely in line with recent published research investigating
COVID-19 vaccine willingness in other European countries, e.g.
the United Kingdom (UK) [34], Spain, Italy, Germany, Sweden
[11,35] and Flanders [36], where it was found that about 65 to
75% was willing to be vaccinated, whereas about 25% was in doubt,
and 9 to 12% was unwilling to get vaccinated. Beware that in some
of these studies, Likert-scales did not allow for more balanced
responses like ‘probably yes’ or ‘probably no’, like in our study.
Based on the results of their global survey, Lazarus et al. raised
the concern that an insufficient proportion of people might be will-
ing to accept a COVID-19 vaccine and that changes in vaccination
coverage across countries might endanger worldwide control of
the pandemic through community immunity [11]. Nevertheless,
given uncertainty about the vaccines’ effectiveness against trans-
mission [37], the emergence of new virus variants exhibiting
greater transmissibility [38] and evolving compliance with NPIs,
a so-called ‘herd immunity threshold’ remains unknown. Yet, it is
clear that high vaccination coverage will be required to decrease
the virus’ burden on healthcare systems as well as society. Hence,
it is essential to understand individuals’ vaccine willingness and to
identify subpopulations that might not reach sufficient coverage.
In this regard, a single time point survey in Belgium identified peo-
ple in favour of vaccination in general, but hesitant about COVID-
19 vaccines, as an important target group for tailored vaccination
campaigns [39].



Fig. 1. Evolution of vaccine willingness over time and reference to the evolution of the pandemic, the sequence of governmental decisions and impactful media reporting on
vaccines. (a) Percentage of COVID-19 vaccine acceptance, (b) New COVID-19 related hospitalizations per 100,000 inhabitants per week, (c) COVID-19 governmental measures
and (d) Vaccine related media reporting.
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4.1. What characteristics explain vaccine willingness?

The effects of age and gender on the willingness to be vacci-
nated have been described in several studies, though the results
appear ambiguous [11,34,36,40]. In our study, the age group of
31–50 years old was least likely to accept a vaccine. Participants
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aged 51–70 and 71+ were instead most willing to be vaccinated,
which is in line with most COVID-19 vaccine willingness studies
and can be explained by their higher risk for severe illness [41].
In another study, participants aged 18–24 have been identified as
the most unwilling, even though they would be more willing to
accept a vaccine in response to their employer’s recommendation



Fig. 2. Evolution of the odds ratio for vaccine willingness with 95% CI for outcomes of ‘participation in previous waves’ relative to participants who participated in every
wave.

Fig. 3. Spatially smoothed odds ratios for vaccine willingness based on the longitude, latitude coordinate of a participant’s residence as based on their postal code, relative to
the Flemish average. The mean OR is scaled to one. Lower OR corresponds to higher vaccine hesitancy.
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[11]. In agreement with other studies [11,36,40], we found women
less likely to accept a COVID-19 vaccine, compared to men. Note
that the estimated gender effect in our study interacts with partic-
ipation behaviour: female participants were always significantly
less willing to be vaccinated than males, regardless of the partici-
pation history, but we observed larger differences between males
and females among respondents that participated more frequently
as compared to others. We therefore stress that the interpretation
of the gender effect should not be extrapolated to the unobserved
population.

Households with 2–5 persons were most willing to be vacci-
nated. Furthermore, parents in our study tended to answer simi-
larly about vaccination for themselves and their children. In
another study (UK, 1200 participants), respondents were more
likely to accept a COVID-19 vaccine for themselves than for their
child(ren) [42]. In a global study, the majority (65%) of caregivers
intended to vaccinate their children against COVID-19 [14].

Lower educational attainment has repeatedly been associated
with increased vaccine refusal [11,40,43]. The effect of education is
substantial in our study, with markedly greater vaccine willingness
in respondents with tertiary education, which increased even more
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for respondents with a PhD, compared to respondents with a pri-
mary or secondary education.

Although the (federal) government has decided that all vaccina-
tions will be provided free of charge, families that are in a difficult
financial situation, were less likely to accept a vaccine. Similarly,
survey participants (UK) from lower-income households were
found more likely to reject a COVID-19 vaccine [40,42]. In Lazarus
et al. [11], respondents, regardless of nationality, reported that
they would be less likely to accept a COVID-19 vaccine under coer-
cion (by employers), an observation that supports most govern-
ments decisions to offer vaccination on a voluntary basis,
including in Belgium.

Our analyses show that the sector of employment also influ-
ences vaccine willingness. A particular finding is that only 81% of
the HCWs in Flanders is willing to be vaccinated, which is similar
to employees, officials and those working in education. Vaccination
willingness is lower in labourers, self-employed and unemployed
respondents, but higher in students and retired respondents. This
is an important result, since HCWs remain the most trusted source
of information about vaccines [25,26] and are hence likely to play a
crucial role in the recently started vaccination campaign. Indeed, a
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study in the US showed a positive association between vaccine
willingness and HCWs’ recommendation [44]. Moreover, social
norms and peer-influence were found important in vaccination
decisions in Flanders as well [23], enforcing the role of HCWs,
who were identified as a priority group in the Belgian vaccination
strategy. These findings emphasize the need to provide well-
designed and easy to reach information and support for HCWs.

Individuals who know someone who experienced severe
COVID-19 symptoms, were more likely to accept a COVID-19 vac-
cine. The importance of risk perception on the intention to be vac-
cinated has been shown for COVID-19 [36,43] and other vaccines
[23,45]. We also show that suffering from at least one underlying
medical condition increases vaccine willingness, which may be
explained by an increased fear for severe illness [41]. Furthermore,
participants with lower mental well-being were more vaccine
hesitant.

A worldwide survey with data collected in June 2020 revealed
high vaccine acceptance in China and other Asian nations [11],
which has been associated with their strong trust in the govern-
ment. Our study confirms that trust in the government is strongly
associated with vaccine willingness. Furthermore, a cross-sectional
analysis of the ‘Great Corona Survey’ data from August 2020 [27],
showed that trust in the government has a positive, but rather
small effect on the willingness to vaccinate, while trust in experts
had a more pronounced influence.

Vaccine willingness showed regional differences in Flanders.
After correcting for the spatial distributions of explanatory vari-
ables in the model, parts of Flemish Brabant and East Flanders
showed additional willingness to be vaccinated, while areas close
to borders, such as Limburg, were generally less accepting. The
two largest universities of Flanders (Ghent and Leuven) are located
in areas with a relatively high willingness to get vaccinated (see
Fig. 3).

Preventive behaviour such as installing a contact tracing App
and social distancing adherence was positively associated with
vaccine willingness. This observation emphasizes the value of
engaging the public and stresses the importance of vaccination
and the measures that are being taken. Across the study period,
the three main reasons for vaccine hesitancy were safety concerns
(61.0%), concerns related to the fast development of the vaccine
(54.0%) and expressing the wish to wait until more people are vac-
cinated (45.9%). These are sentiments that have been picked up in
other contemporary studies [15,35,40].

While in this study, we focused on longitudinal vaccine willing-
ness and the identification of important target groups, other stud-
ies have looked into vaccine preferences. Discrete-choice
experiments (DCEs) have, in particular, been instrumental in
assessing vaccine-related preferences. That is, the studies of Motta
et al. and Kreps et al. found that the probability of choosing a hypo-
thetical COVID-19 vaccine increases when the vaccine has a longer
protection duration, when there is a lower incidence of major/mi-
nor adverse effects and when the vaccine has received a full FDA
approval (instead of FDA Emergency Use Authorisation) [46,47].
DCE studies in Belgium too had already stressed the importance
of risk perception and vaccines’ effectiveness in people’s vaccina-
tion decisions before the onset of the COVID-19 pandemic, with
significant preference heterogeneities observed, mostly between
different age groups [23,45,48].

In addition to identifying important target groups and assessing
vaccine-related preferences, a successful vaccination campaign
should also consider ethical concerns about motivational efforts
to increase public support [49]. More specifically, public support
for vaccination campaign related incentives, like legal compulsion
or accountability, depends on the target group and disease scenario
[50], while attitudes towards vaccination are in large part related
to a person’s social orientation [49,51].
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4.2. Observation of trends

A unique aspect of this study is that we monitored COVID-19
vaccine willingness over a period of 6 months, with a remarkably
high number of respondents. To date, little information was avail-
able about changes in COVID-19 vaccine willingness over time
within the same population and what affects the dynamics of the
willingness curve. One study in Italy showed that COVID-19 vac-
cine willingness was correlated to trust in research and in vaccines,
which decreased between wave 1 and wave 2 of the Italian pan-
demic [52]. Another study investigated vaccine willingness over
time by reviewing 126 international surveys and by pooling infor-
mation from different populations [15], showing an overall declin-
ing vaccine willingness between March and October 2020. In
Flanders, the willingness to vaccinate was highest in July 2020
(survey wave of July 28, 2020, 90.0%), it decreased over the sum-
mer period to 80.2% and started to increase again from late
September, reaching 85.9% at the end of December after a small
dip to 81.7% at the beginning of December (Fig. 1). Following the
tail of the first Belgian COVID-wave, a relatively low disease bur-
den was observed in July 2020. By the end of July, it became clear
that there was an increase in clusters of cases in urban areas, which
were locally controlled by more stringent NPIs, including a curfew
in Antwerp. In addition, between late July and early October there
was a heavily mediatized divide between experts of various back-
grounds about the relaxation of NPIs, which may have influenced
the credibility of infectious disease experts and may have affected
trust in future COVID-19 vaccines. In the second half of September,
the number of hospital admissions due to COVID-19 rose above 50
and deaths due to COVID-19 rose above 10 for the first time since
mid-August. Although we were able to associate an extensive set of
explanatory variables with vaccine willingness, some of the
remaining variability in vaccine willingness could not be explained
by these. This may be related to opportunistic sampling bias, which
is signalled in the analysis by the significant interaction between
the effects of gender and participation behaviour. This phe-
nomenon might be complex and requires methodological develop-
ments, which extend those documented by Neyens et al. [33]. The
small decrease in willingness early December coincides with the
announcement that the lockdown measures will hold during the
Christmas holidays on 27 November 2020 and the announcement
of a dosing error in the AstraZeneca vaccine trial on 26 November
2020 (no causal effect was investigated). Announcements in the
media about high vaccine efficacies published by Pfizer and BioN-
Tech on 9 November 2020, by Moderna on 16 November 2020 and
by AstraZeneca on 23 November 2020 (perceived low efficacy com-
pared the other vaccines) may be important in the timeline of vac-
cine willingness, because they may have provided perspective and
hope. However, reports from clinical studies being paused, may be
a cause of concern and may have elicited questions about specific
vaccines (see timeline in Fig. 1).

Extrapolating results beyond Flanders should be done with
much caution, because even within Flanders, as in any general pop-
ulation, substantial variability in vaccine willingness exists (over
time), that cannot be fully explained by the factors investigated
in this study.

It is important to keep in mind that vaccine willingness does
not necessarily reflect the expected vaccination coverage. This is
illustrated by the observation that in the state of vaccine confi-
dence in the EU (2018), Belgium scores rather poorly [29]. With
regard to adult vaccination in Belgium, annual influenza vaccina-
tion coverage is estimated at 22.6% of the population at any age
and 46.2% in elderly (65+) and risk groups (2018). This influenza
vaccine coverage has kept a stable pace since 2004 [53]. During
the H1N1 pandemic in 2009, a total of 6.9% of the Belgian pop-
ulation was vaccinated (18.8% in elderly 65+). Vaccinations
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mainly occurred after the pandemic threat subsided [54]. Note
however, that we only included the Flemish population in the
current study, with typically higher vaccination rates, compared
to the other regions, as recently demonstrated in the context of
human papillomavirus (HPV) vaccination [55]. Indeed, to date,
Flanders remains relatively unphased by vaccine hesitancy or
refusal as the year 2016 vaccine coverage study documented
high and stable immunization coverage, although in a different
context [56]. There are some limitations to our study. Participa-
tion in the surveys was voluntary and open to all, such that
non-response might be driven by unobserved factors, which in
turn might be related to vaccine willingness itself, e.g., percep-
tion of the pandemic’s severity. Correcting for this so-called
preferential sampling requires complex joint modelling proce-
dures, the implementation of which lies beyond the scope of
this manuscript and which is further complicated by a second,
convoluted, latent phenomenon; the survey frame, i.e., the por-
tion of the intended study population that has a non-zero prob-
ability to become part of the survey sample, consists of a subset
of the Flemish population that is difficult to define, since it
depends on internet use and proficiency in the languages in
which the survey was made available (Dutch, English, French,
and German). The complexity of and relationships between
mechanisms that underlie participation and vaccine willingness
are illustrated by the observation that those who filled in the
survey every time showcased a higher vaccine willingness than
first-time participants - an effect that disappeared in the two
most recent waves – in addition to its interaction with the gen-
der effect. We are currently developing statistical methodology
that will allow us to disentangle these latent phenomena to a
considerable extent.
5. Conclusions

Our findings could help the government, policymakers and
HCWs in Flanders to design more efficient and more tailored com-
munication strategies about COVID-19 vaccination. Overall vaccine
willingness in Flanders is high. However, based on our data, we
identified important target groups for vaccination campaigns: aged
31–50, females, low educational attainment, large households, dif-
ficult financial situation, low mental well-being and labourers,
unemployed and self-employed citizens. Furthermore, vaccine lit-
eracy, critical thinking and trust in science should be encouraged
in the public, in order to reduce the vulnerability to fake news.
Trust in the government should be a priority goal. These are vital
interventions, since a clear link has been described between sus-
ceptibility to misinformation and both vaccine hesitancy and a
reduced likelihood to comply with health guidance measures
[57]. Importantly, our study also emphasizes that in the rapidly
evolving COVID-19 pandemic, results from different studies are
only comparable to a limited extent, as both the timing and the
region of data collection influence the results of vaccine willing-
ness studies.
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